ILLUSTRATIONS

CONVERSION FACTORS, VERTICAL DATUM, ABBREVIATED WATER-QUALITY UNITS, AND ACRONYMS ___________________Multiply________________By_______________To obtain____________
foot (ft) 0.3048 meter inch (in.) 25,400 micrometer (micron) ___________________mile (mi)_________________1.609________kilometer_________________
INTRODUCTION
The alluvial valley of the Milk River from near Havre to its mouth near Nashua ( fig. 1 ) is about 180 mi long and has an average width of about 3 mi. The valley was formed and occupied by the ancestral Missouri River, which was diverted to its present course by Pleistocene glaciers (Alden, 1932) .
The land surface in the study area consists of the alluvial flood plain of the Milk River and major tributaries. The surrounding area consists of gently rolling hills slightly eroded by intermittent and ephemeral INTRODUCTIONstreams. Grass-covered rangeland is interspersed with nonirrigated farmland in the uplands and, where soil and water permit, by irrigated farmland in the valleys.
Irrigated agriculture is the largest use of water. Most irrigation-water supply is from the Milk River. Water for livestock is obtained from the Milk River and from Quaternary alluvium and glacial deposits and the Upper Cretaceous Judith River Formation. Water for domestic supplies is obtained from the Milk River, the alluvium and glacial deposits, and the Judith River Formation. Water for domestic supplies from these sources typically requires some form of treatment before use.
The climate of the area is typical of the semiarid Great Plains region. Average annual precipitation ranges from about 11.0 to 12.8 in. throughout the study area. The mean annual temperature is about 42 °F. The monthly mean temperatures during June, July, and August typically are 20 to 30 degrees higher than the mean annual average temperature (National Oceanic and Atmospheric Administration, 1992 ).
Prior to this study, very little information about the ground-water resources along the Milk River Valley from Havre to Nashua was available. Additional data were needed to address increasing concerns about ground-water quality and availability. Consequently, the U.S. Geological Survey (USGS) began a study in 1995 in cooperation with the Montana Bureau of Mines and Geology (MBMG) to collect additional information about the ground-water resources of the Milk River Valley.
Purpose and Scope
The purpose of this report is to present hydrologic and water-quality data for ground water along the Milk River Valley. Hydrologic data for 130 wells and water-quality data for 40 wells were collected from 1995 to 1997.
Hydrogeologic Setting
Primary hydrogeologic units that contain water used for domestic and stock supplies are Quaternary alluvium and glacial deposits and the Upper Cretaceous Judith River Formation. Quaternary alluvium or glacial deposits are exposed at the surface throughout the study area. In the western part of the study area, Quaternary alluvium and glacial deposits are underlain by the Judith River Formation. In the eastern part of the study area, Quaternary alluvium and glacial deposits are underlain by the Upper Cretaceous Bearpaw Shale, Judith River Formation, or Claggett Shale (Perry, 1934; Alverson, 1965) .
Quaternary alluvium typically consists of unconsolidated, discontinuous lenses of fine-grained sand, silt, sandy clay, and clay. In most areas, flood plains and adjacent terraces of the Milk River are composed of alluvium. Older alluvium in the subsurface typically consists of deposits of the ancestral Missouri River. The Quaternary alluvium generally is less than about 60 ft thick (Alverson, 1965) .
Quaternary glacial deposits consist predominantly of unconsolidated gravel, sand, silt, and clay deposited by glaciers during Pleistocene time. These deposits range in thickness from 20 to 100 ft (Alverson, 1965) and are composed mostly of till. However, in places, glacial meltwater has sorted out and carried away most of the fine-grained material, leaving behind relatively well-sorted and permeable glaciofluvial sand and gravel deposits. In many areas, the glacial deposits are overlain by alluvium of flood plains and adjacent terraces of the Milk River and underlain by older alluvium of the ancestral Missouri River (Alverson, 1965) .
The Bearpaw Shale consists of as much as 1,000 ft of dark-gray marine shale interbedded with bentonite. The Bearpaw Shale is relatively impermeable. Any water withdrawn from this hydrogeologic unit probably would be too mineralized for domestic, stock, and irrigation purposes (Alverson, 1965) .
The Judith River Formation consists of between 380 and 500 ft of light-tan to gray, fine-to mediumgrained sandstone interbedded with siltstone, shale, claystone, and thin coal beds. The sandstone beds are lenticular and discontinuous (Perry, 1934; Alverson, 1965) .
The Claggett Shale consists of as much as 700 ft of dark-gray marine shale interbedded with sandstone. The proportion of sandstone beds increases near the top. The Claggett Shale is relatively impermeable, but might yield a small quantity of water to wells. Any water withdrawal from this hydrogeologic unit would probably be too mineralized for domestic, stock, and irrigation purposes (Alverson, 1965) .
Well-Numbering System
In this report, wells are assigned a well number from Wl to W130 for identification. In addition, well locations are numbered according to geographic position within the rectangular grid system used for the subdivision of public lands ( fig. 2) . The location number consists of as many as 14 characters. The first three characters specify the township and its position north (N) of the Montana Base Line. The next three characters specify the range and its position east (E) of the Montana Principal Meridian. The next two characters are the section number. The next four characters designate the quarter section (160-acre tract), quarter-quarter section (40-acre tract) quarter-quarter-quarter section (10-acre tract), and quarter-quarter-quarter-quarter section (2 1/2-acre tract), respectively, in which the well is located. These four subdivisions of the section are designated A, B, C, and D in a counterclockwise direction, beginning in the northeast quadrant of the section. The last two numeric characters specify a sequence number, based on the order of inventory, to distinguish between multiple wells at a single location. For example, as shown in figure 2, well 33N15E31CBDC01 is the first well inventoried in the SW1/4SE1/4NW1/4SW1/4 of sec. 31, T. 33N.,R. 15 E.
DATA-COLLECTION METHODS
Hydrologic and water-quality data from privately and publicly owned wells were collected by inventorying 130 wells (table 1, plate 1), measuring water levels (table 2) , and sampling ground water for laboratory analysis (table 3) . Tables 1, 2 , and 3 are at the back of the report; plate 1 is in the pocket.
During the well inventory, the well location, hydrogeologic unit, land-surface altitude, well depth, static-water level, and field water-quality properties
Well-location number 33N15E31CBDC01
Figure 2. Well-numbering system.
DATA-COLLECTION METHODS
were determined. At some sites, one or more of these site characteristics could not be determined. Land-surface locations and altitudes were determined from 7.5-minute topographic quadrangle maps. Where possible, hydrogeologic units were interpreted from drillers' lithologic logs and geologic maps for the area. Well depths were either determined from drillers' logs or measured with a graduated steel tape. Static-water levels were measured with a graduated steel tape or calibrated electric tape. Selected wells were measured periodically from 1995 to 1997 to document waterlevel changes. Field water-quality measurements were made at most sites and included specific conductance, pH, water temperature, and nitrate concentrations. Nitrate concentrations were determined using a spectrophotometer.
Water-quality and quality-assurance samples for laboratory analysis of selected constituents were collected from 40 wells (table 3) . A ground-water sample was obtained using the existing pump at a discharge point as close to the well as possible. All wells were purged until at least three well volumes of water were removed and field properties (specific conductance, pH, and water temperature) had stabilized. These properties were measured in a flow-through chamber to minimize effects of atmospheric contact and pressure changes. Field values for alkalinity were determined by incremental titration of the sample with sulfuric acid. Ground-water samples for chemical analysis were collected from the flow-through chamber. A peristaltic pump was used to pass sample water through a 0.45-micron pore-diameter filter for analysis of dissolved constituents. Sample processing, filtration, and preservation were performed in the field according to established procedures described by Knapton (1985) . Samples were analyzed for major ions, nitrite, and trace elements by the MBMG, Analytical Division, Butte, Montana.
Data-collection procedures used during this investigation incorporated practices designed to control, verify, and assess the quality of the sample data. Methods and associated quality control for collection and processing of water samples are described by Knapton (1985) , and Knapton and Nimick (1991) . Quality-control data to document the reproducibility of analytical results and any sample contamination were provided by test samples that consisted of either a replicate or field-blank sample incorporated in the sampling set. Replicate samples are two or more samples considered to be essentially identical in composition and are analyzed to provide an assessment of analytical precision (reproducibility). Replicate samples were obtained by sequentially repeating the collection process in the field to obtain two samples which were analyzed separately. A field-blank sample is a volume of deionized water that is passed through all of the sampling equipment and analyzed for the same constituents as ground-water samples in order to test the adequacy of cleaning procedures to prevent cross-contamination between sites. Quality-control samples (table 3) comprised about 11 percent of the total number of groundwater samples submitted by the USGS for analysis.
DATA SUMMARY
Most of the wells inventoried were completed in either the alluvium and glacial deposits or the Judith River Formation. Depths of the wells inventoried ranged from 10.5 to 750 ft below land surface, with a median of 64 ft. Static-water levels in inventoried wells ranged from 0.53 ft above land surface to 55.74 ft below land surface. Observed fluctuations of water levels during 1995-97 within individual wells ranged from 0.00 to 24.29 ft, although most fluctuations were less than 5 ft.
Most of the water sampled had concentrations of one or more constituents (table 3) that exceeded the Maximum Contaminant Level (MCL) or Secondary Maximum Contaminant Level (SMCL) as defined by the U.S. Environmental Protection Agency (EPA) (U.S. Environmental Protection Agency, 1996 , accessed September 20, 1999 . Water from 24 wells had concentrations of sulfate exceeding the MCL of 500 mg/L. Water from 34 wells had concentrations of sulfate exceeding the SMCL of 250 mg/L. Water from all but one well had concentrations of dissolved solids exceeding the SMCL of 500 mg/L. Water from 25 wells had concentrations of iron exceeding the SMCL of 0.3 mg/L (300 [ig/L). In addition, water from 34 wells had concentrations of manganese that exceeded the SMCL of 0.05 mg/L (50 [ig/L).
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